IN 1963 a study was published from our laboratory concerning cardiac performance during exercise before and after conversion from atrial fibrillation to sinus rhythm.' All subjects were receiving digitalis at the time of conversion. One of the findings of that study was a markedly low heart rate at exercise in sinus rhythm, much lower than expected for a group of subjects with a comparable degree of cardiac disability. Furthermore, electrocardiographic abnormalities suggesting digitalis intoxication often occurred after conversion, even in subjects who showed no evidence of digitalis intoxication prior to conversion. These results led to the speculation that digitalis requirements might be less in sinus rhythm than in atrial fibrillation.
IN 1963 a study was published from our laboratory concerning cardiac performance during exercise before and after conversion from atrial fibrillation to sinus rhythm.' All subjects were receiving digitalis at the time of conversion. One of the findings of that study was a markedly low heart rate at exercise in sinus rhythm, much lower than expected for a group of subjects with a comparable degree of cardiac disability. Furthermore, electrocardiographic abnormalities suggesting digitalis intoxication often occurred after conversion, even in subjects who showed no evidence of digitalis intoxication prior to conversion. These results led to the speculation that digitalis requirements might be less in sinus rhythm than in atrial fibrillation.
The conversions in the above-mentioned study were accomplished with quinidine, usually in a dose range of 1 to 3 Gm. over a period of 8 hours. The role of these relatively large doses of quinidine in either potentiating or suppressing this phenomenon of digitalis intoxication could not be assessed.
The recent introduction of direct-current countershock for the treatment of cardiac arrhythmias2 has made it possible to circumvent this difficulty. The present report is a study of the results of conversion to sinus rhythm with direct-current countershock with special emphasis on the appearance of digitalis intoxication. The subjects received either no quinidine or much smaller doses than those previously used for conversion. From 
Methods
The records of 44 patients receiving directcurrent countershock for the treatment of cardiac arrhythmias were reviewed. The patients were divided into four groups. Group 1 (table 1) consisted of 28 patients successfully converted from atrial fibrillation or flutter to sinus rhythm who were receiving a digitalis preparation up to or within 2 days of the time of conversion. Group 2 (table 2) consisted of five patients successfully converted from ventricular tachycardia or ventricular fibrillation to sinus rhythm who were not receiving digitalis. Group 3 consisted of six patients receiving digitalis who were given countershock for conversion of atrial fibrillation or flutter but who did not convert. Group 4 (table 4 ) consisted of five patients converted from atrial fibrillation or flutter who either were not receiving digitalis or who were taken off digitalis for at least 5 days prior to conversion.
In the immediate period after countershock many patients demonstrated ventricular or nodal arrhythmias that usually disappeared within 1 minute. The electrocardiograms reported after conversion are not from this immediate period after countershock, but rather are tracings taken from hours to 3 days following countershock. A patient was considered to show the occurrence of bradycardia when the heart rate was above 60 in atrial fibrillation and below 60 in sinus rhythm. An increase in ventricular extrasystoles was considered to have occurred following conversion when frequent (at least one in six normal complexes) or multifocal ventricular extrasystoles appeared in sinus rhythm when the electrocardiogram prior to conversion showed no or only an occasional extrasystole. A change from no ventricular extrasystoles to an occasional one was not considered significant, since occasional extrasystoles might be missed in a routine electrocardiogram.
Results
The details of the electrocardiograms before and after conversion in subjects receiving digitalis at the time of conversion (group 1) are shown in table 1. Those features of the post-conversion electrocardiograms suggesting Circulation, Volume XXXII, July 1965 digitalis intoxication are summarized in table 3. Of 28 successful conversions, electrocardiographic abnormalities compatible with digitalis intoxication were found in 20 cases, representing 72 per cent of the total conversions. There were no changes in ST segments following conversion, nor did the patients develop any of the constitutional signs of digitalis intoxication.
The five cases receiving countershock for conversion of ventricular tachycardia or fibrillation who were not receiving digitalis (table 2) showed only one instance of firstdegree heart block and none of the other abnormalities noted in the group 1 patients.
Six patients in atrial fibrillation or flutter receiving digitalis treated with countershock did not convert (group 3). Four of these demonstrated transient electrocardiographic abnormalities after countershock that persisted at most only a few minutes. There were no instances of bradycardia or prolonged increase in ventricular extrasystoles.
Two patients in group 1 died several hours after apparently successful conversion. The first patient, E.B., had a ventricular rate of 60 with multifocal ventricular extrasystoles prior to conversion. Following conversion the rate in sinus rhythm was 55 with first-degree heart block and persistence of the multifocal ventricular extrasystoles. Three hours after conversion, he suddenly developed ventricular fibrillation. This was recognized almost immediately, and resuscitation was started. Further countershock produced transient alterations of rhythm but ventricular fibrillation invariably recurred. In this patient the slow rate in atrial fibrillation and the multifocal ventricular extrasystoles are certainly highly suggestive of digitalis intoxication, even prior to conversion. Two other patients showed multifocal ventricular extrasystoles prior to conversion; both had first-degree heart block in sinus rhythm and persistence of extrasystoles. The second patient who died, V.H., had nothing to suggest digitalis intoxication prior to conversion. Digoxin had been stopped 2 days before conversion. After conversion, she demonstrated ventricular bigeminy for several hours and then suddenly developed Circulation, Volume XXXII, July 1965 ventricular fibrillation several hours following a single oral dose of 0.25 mg. of digoxin. Again, only temporary reversion of the ventricular fibrillation could be obtained with further countershock.
When it was suspected that digitalis intoxication might be responsible for the postconversion arrhythmias, it was decided in subsequent patients to discontinue digitalis for a 5to 10-day period prior to conversion. Five patients have been converted to date who either never had digitalis or who had prolonged withdrawal (group 4). The results of these conversions are shown in table 4 . There were no instances of any of the abnormalities noted in the group-I patients. It was also noted that even the transient ventricular and nodal arrhythmias seen in groups 1 and 3 and thought to be an inevitable manifestation of the countershock were not seen in these patients who had prolonged withdrawal of digitalis prior to conversion.
Discussion
Two questions are critical. Are the abnormalities noted in sinus rhythm a result of digitalis intoxication? If so, what is the relationship of the digitalis intoxication to the change in rhythm?
Concerning the first question, there are of course no pathognomonic electrocardiographic features of digitalis intoxication so the diagnosis must always be presumptive. The fact that the abnormalities were very characteristic of those known to be produced by digitalis is important but of itself not very strong evidence. Digitalis can produce such a wide variety of disturbances that the statement could apply to almost any abnormality noted. Several factors point to digitalis intoxication, however. First, the unusually low heart rates at exercise seen in those subjects converted in the quinidine study are characteristic of the toxic effect of digitalis on the sinoatrial node3 and cannot be easily explained by any other mechanism. The expected effect of the quinidine would be to speed rather than to slow the heart.4 Second, when digitalis was withdrawn and the subjects remained in sinus rhythm, the abnor- several days prior to conversion. Gold5 has studied the interaction of digitalis and quinidine. The combined effect of the two drugs in producing the toxicity noted here cannot be entirely ruled out in some patients. Analysis of several cases, however, suggests that quinidine played a minor role at most. Bradycardia, firstand second-degree heart block, and increased ventricular Abbreviations as in table 1. extrasystoles were seen in subjects receiving no quinidine (L.T., J.T., M.R., W.S.). Subject R.D., in whom ventricular bigeminy persisted for 1 month, received only a single dose of 0.4 Gm. of quinidine. Subject W.E. had 1.2 Gm. of quinidine the day prior to conversion and none afterwards, yet nodal rhythm was still present 10 days later. Finally, subjects who developed electrocardiographic abnormalities following conversion showed no significant widening of the QRS complex, an indication that quinidine effect was not prominent.
That the findings are the result of the change in rhythm from atrial fibrillation or flutter to sinus rhythm is borne out by their absence in those subjects on digitalis receiving countershock but not converting. Also, since similar findings occurred in subjects converted with quinidine, it would appear to be the result of the conversion itself rather than the method used for the conversion.
At least two factors can account for the Obviously, certain manifestations of digitalis intoxication such as firstor second-degree heart block cannot be recognized in atrial fibrillation or flutter. If the digitalis level that produces these toxic effects is lower than that producing ventricular extrasystoles, for example, then this level could be present in atrial fibrillation or flutter with the physician becoming aware of it only after conversion. Another factor may be the slower ventricular rates often seen after conversion.1 6,7 Such a slowing might be just enough to allow an idioventricular focus with a slow rate to become manifest. In certain subjects of this study, however, ventricular extrasystoles appeared in the absence of a slowing of the ventricular rate.
The therapeutic implications of the study are clear. It is hazardous to convert a patient from atrial fibrillation or flutter to sinus rhythm when any manifestations suggesting digitalis intoxication are already present. This would hold true regardless of the method used for conversion. It would undoubtedly be wise to withhold digitalis for at least several days in all subjects in whom a conversion attempt is planned. Digitalis intoxication after conversion may actually be the cause of certain cases of sudden death occurring in patients receiving quinidine for the conversion and heretofore attributed to the quinidine. 8 Two of the desirable features of directcurrent countershock for conversion of atrial fibrillation are said to be its simplicity9 and that it may require only a day or two of hospitalization.10 Although the present authors believe it to be the method of choice for conversion, our experience has indicated that it is not to be undertaken lightly. One or 2 days off a digitalis preparation is not adequate to insure the absence of digitalis intoxication (V.H., for example). It is our current practice to discontinue short-acting digitalis preparations for at least 5 days and long-acting ones for 10 days prior to conversion. Such withdrawal poses certain problems. One is the risk of a rapid ventricular rate and the appearance of heart failure as the digitalis effect wears off. This has happened once in our experience; rapid redigitalization was instituted and the conversion attempt was abandoned. For this reason we have thus far hospitalized for the entire withdrawal period those patients on shortacting preparations and for the latter half of the period those on long-acting ones. Another risk is that of a conversion to atrial flutter with a 2: 1 or even a 1: 1 ventricular response, which was a recognized danger when converting undigitalized patients with quinidine.1" A 2: 1 response of this nature has also occurred once in our present series in a patient who had been taken off digitalis leaf for 10 days prior to the conversion attempt. It is hoped, as more experience is gained, it will be found that the same favorable results noted in the group-4 patients can be achieved with a shorter withdrawal period, which will both reduce the hazards referred to and shorten the hospital stay.
Summary
The records of 28 patients receiving digitalis and converted from atrial fibrillation or flutter to sinus rhythm with direct-current countershock were reviewed. Electrocardiographic signs suggesting digitalis intoxication following conversion occurred in 20 of these cases. Two of these patients died as a result of ventricular fibrillation several hours after apparently successful conversion. Six patients on digitalis treated with countershock but not converting and five patients converted with _s -0 CZ 0 co CZ 0 .0 *_1 countershock who were not receiving digitalis or in whom digitalis had been discontinued for several days failed to show these electrocardiographic abnormalities. The results indicate that digitalis intoxication will often appear following conversion to sinus rhythm when no indication of digitalis intoxication was present prior to conversion. It is recommended that digitalis be withheld for several days in subjects for whom a conversion attempt is planned.
